Study objectives-Estimation of cancer patient survival by social class has been performed using observed, corrected (cause specific), and relative (with expected survival based on the national population) survival rates. Each of these measures are potentially biased and the optimal method is to calculate relative survival rates using social class specific death rates to estimate expected survival. This study determined the degree to which the choice of survival measure aVects the estimation of social class diVerences in cancer patient survival. Setting and participants-All Finnish residents diagnosed with at least one of 10 common malignant neoplasms during the period 1977-1985 were identified from the Finnish Cancer Registry and followed up for deaths to the end of 1992. Design-Survival rates were calculated by site, sex, and age at 5, 10, and 15 years subsequent to diagnosis for each of three measures of survival; relative survival, corrected (cause specific) survival, and relative survival adjusted for social class diVerences in general mortality. Regression models were fitted to each set of rates for the first five years of follow up. Main results-The degree of variation in relative survival resulting from social class decreased, although did not disappear, after controlling for social class diVerences in general mortality. The results obtained using corrected survival were close to those obtained using relative survival with a social class correction. The diVerences between the three measures were largest when the proportion of deaths from other causes was large, for example, in cancers with high survival, among older patients, and for longer follow up times. Conclusions-Although each of the three measures gave comparable results, it is recommended that relative survival rates are used with expected survival adjusted for social class when studying social class variation in cancer patient survival. If this is not an available option, it is recommended that corrected survival rates are used. Relative survival rates without the social class correction overestimate social class diVerences and should be used with caution.
Social class has been shown to be associated with survival time following a diagnosis of cancer, cardiovascular disease, 28 29 and HIV/AIDS [30] [31] [32] (among other diseases). Social class diVerences have been studied most extensively among cancer patients, the first reports dating back to the 1950s [33] [34] [35] and later research conducted in the USA, 8 21 26 27 Europe, 1 2 6 7 12 Japan, 9 and Australia. 23 Although results have been somewhat conflicting, the largest population-based studies have reported social class diVerences in survival for several, but not all, types of cancer. Some of the discrepancies between results are probably real, but it is possible that some results may be biased because of methodological limitations.
The two main methodological limitations that may bias social class comparisons of survival are the choice of the measure of social class and the method used for estimating survival. In this paper we will concentrate on the second factor. The three broad methods for estimating cancer patient survival with long term follow up are observed survival rates (OSR), corrected (cause specific) survival rates (CSR), and relative survival rates (RSR). [36] [37] [38] [39] Each of these measures have been applied to studies of cancer patient survival by social class.
Relative survival has become the preferred measure of survival for cancer patients with long term follow up. One advantage of this measure is that information on cause of death is not required, thereby circumventing problems with inaccuracy 40 41 or non-availability of death certificates. The RSR is defined as the observed survival in the patient group divided by the expected survival of a comparable group from the general population. 42 It is usual to estimate the expected survival from nationwide population life tables stratified by age, sex, calendar time, and race (where applicable). 43 Large studies from the USA, 44 UK, [45] [46] [47] [48] [49] Finland 50 and other countries have demonstrated unequivocally that all cause mortality is higher among lower social classes. Thus, RSRs (with expected survival based on the national population) tend to overestimate social class diVerences in cancer patient survival. RSRs for lower social classes are underestimated because they experience a higher general (all cause) mortality than the general population, while the RSRs for the upper social classes are overestimated.
In an attempt to avoid this bias, many researchers have used corrected (cause specific) survival rates, which take only deaths from the cancer in question as outcome events, while all other deaths are treated as censored events. However, the use of CSRs requires that reliably coded death certificates are available. Few studies have assessed the reliability of death certificates by social class, but it has been suggested that the accuracy of death certificates diVers according to social class. 51 This probably leads to underestimation of social class diVerences in survival. The use of CSRs is also problematic because it is sometimes diYcult to classify whether or not a death is because of cancer. For example, treatment complications may contribute to a patient's death without being the primary cause of death. Similarly, if a cancer patient has committed suicide, it is not clear whether or not to classify the death as being because of cancer. The use of RSRs avoids these problems by measuring the total excess mortality following a diagnosis of cancer, irrespective of whether the excess mortality is directly or indirectly related to the cancer.
Thus, at present, two main approaches have been applied to measuring social class specific cancer patient survival, one underestimating and the other overestimating social class diVerences in patient survival. Schrijvers and Mackenbach 6 reviewed 16 large, populationbased studies that examined the association between social class and cancer patient survival. Five of these studies used the CSR as the measure of survival, one used the RSR (using national mortality tables), one used both CSRs and RSRs, one used standardised case fatality ratios, two used observed survival rates, and it was unclear in six studies whether a correction for non-cancer deaths was used.
The optimal method is to calculate social class specific RSRs using social class specific death rates to estimate the expected survival. This method takes into account social class variation in mortality from other diseases, but does not require information on causes of death (nor does it assume equal accuracy of that information). In this study we estimate survival using this method and compare the results with those from relative survival without the social class adjustment, and corrected survival.
Methods
Case specific data were obtained from the Finnish Cancer Registry for cases diagnosed in 10 cancer sites during the period 1971-1985 and followed up for deaths to the end of 1992 (table 1) . These sites were chosen to cover a range of cancers with varying prognoses and primary sites with and without social class differences in survival. 1 The Finnish Cancer Registry is a nationwide, population-based registry established in 1952. Notification of new cancer cases is compulsory in Finland and, with the use of unique personal identification numbers, follow up procedures are extremely eYcient. 52 53 Information on the social class of each case was obtained from the 1970 population census by record linkage using the unique personal identification number given since 1967 to every resident of Finland. 54 The social class indicator was based on a person's own occupation, except for housewives, who were classified according to their husband's occupation. Retired persons were classified according to their previous occupation. The classification consisted of four groups: I (highest) included employers and higher administrative personnel, II consisted of lower administrative personnel and self employed persons, III of skilled workers, and IV (lowest) of unskilled workers. 55 56 Farmers (26 517 cases) were not included in the study, neither were those with unknown social class (6763 cases). The group of persons with unknown social class consisted mainly of census non-responders and retired persons whose previous occupation was unknown. Farmers were excluded because this group is heterogeneous with respect to social class. In descriptive studies of survival by social class it is common to classify farmers to a social class based on, for example, farm size. As the main objective of this study is to investigate the performance of various measures of survival we preferred not to do this. Cause of death data were obtained from Statistics Finland. All cause death rates by age (one year intervals), sex, calendar year (five year intervals), and social class were obtained from Statistics Finland for the Finnish population enumerated in the the 1970 population census. These mortality tables were required for the estimation of expected survival to estimate relative survival. For this study, the social class specific population mortality tables were constructed from individual level death certificate data. The personal identification number included on each death certificate was used to link to the 1970 population census data to establish social class. If such linkage is not available, it is also possible to construct these mortality tables from national all cause mortality data and social class specific standardised mortality ratios (appendix 1).
Cases diagnosed at necropsy (3% of the total cases) were included in the study with zero survival time. The rationale for this decision was that social class could have contributed to the cancer not being diagnosed earlier, during the lifetime of the subject. This was supported by the finding that the proportion of cases diagnosed at necropsy was higher in the lower social classes (ranging from 2.6% in social classes I and II to 4.0% in social class IV). If this is considered a bias, simply excluding these cases will not eliminate the bias, it will only reverse its direction. Case registrations based on "death certificate only" (less than 1% of the total cases) were also included in the analysis with zero survival time using similar rationale. The percentage of registrations based on death certificate only was also higher in the lower social classes (ranging from 0.3% in social classes I and II to 0.7% in social class IV).
The statistical software package developed by Hakulinen and Abeywickrama 57 was used to estimate three diVerent sets of survival rates for annual intervals up to 15 years of follow up; CSRs, RSRs using nationwide expected survival rates (which we will abbreviate to NRSR), and RSRs using social class specific expected survival rates (SRSR). When estimating the CSR, only deaths from the cancer in question are classified as outcome events, while all other deaths are treated as censored events. Life table regression models 58 were fitted to the first five years of annual follow up using the GLIM statistical package. 59 This provided estimates of the relative risk of excess mortality resulting from cancer for each social class compared with the reference group (social class IV) corrected for age, sex, follow up, and an age by follow up interaction. The age by follow up interaction term was required to obtain an acceptable fit to the data and indicates that the age specific hazards are non-proportional for the first five years of follow up.
Results
Social class diVerences in survival were observed using all three approaches (NRSR, SRSR, and CSR), with the highest social classes having superior survival for most cancer types. Trends in survival across social class were consistent for each of the three measures. That is, if the NRSR survival was best for social class I, followed by II, III, and IV, then this trend was usually seen in the SRSR and the CSR. There were, however, diVerences between the three measures and these diVerences were larger when the proportion of deaths from other causes was large, for example, in cancers with high survival, among older patients, and with longer follow up times (tables 2 and 3). Observed survival is identical for the NRSR and the SRSR, so diVerences between these two measures are caused solely by diVerences in the expected survival. The SRSR is systematically lower than the NRSR in the upper social classes (I and II) and higher than the NRSR in the lower social classes (III and IV). As the diVerences in expected survival are larger after 10 years of follow up than five years (and after 15 years than 10), we observe corresponding diVerences in the NRSR and SRSR. The age eVect occurs because social class diVerences in expected survival increase with age. Survival was generally highest in social class I and lowest in social class IV. The NRSRs exaggerate this diVerence because they overestimate the relative survival in social class I and underestimate the relative survival in social class IV. Hence, there is a larger amount of social class variation in the NRSRs than in the SRSRs.
The diVerences between the NRSRs and the SRSRs are similar for all sites and can be categorised systematically, as they depend solely on diVerences in the expected survival rates. This is not the case for the CSRs. The CSRs were systematically higher than the NRSRs and SRSRs in two sites (kidney and skin), systematically lower in two sites (stomach and rectum), and did not diVer systematically in the other six sites (pancreas, lung, breast, cervix, corpus, and bladder). This same pattern was observed for the 5 year, 10 year, and 15 year survival rates, although the diVerences between the three measures were larger in the longer follow up periods. These three scenarios are presented diagrammatically in figures 1-3. It is notable in the figures that the NRSR is higher than the SRSR in social classes I and II but lower in social classes III and IV. Even though the CSRs are systematically diVerent from the SRSRs and NRSRs in figures 1 and 2, the general trend in survival across social class is the same for all three measures. The site with the biggest diVerences between the three measures was non-melanotic skin cancer (fig 4) . On examining the NRSR estimates, it seems that social class IV has a distinct survival disadvantage compared with social class I but this diVerence nearly disappears when the SRSR is used as the measure of survival.
The life table regression model with predictor variables social class, age, sex, follow up, and an age by follow up interaction provided an adequate fit to the data for all sites except breast cancer, where the p value of the goodness of fit test statistic (log-likelihood ratio statistic, also called scaled deviance (D) 60 ) was 0.03 for the NRSR, and 0.07 for the SRSR and CSR. Adding a social class by follow up interaction term provided an adequate fit to the data (D=28, df=30, p=0.57). The interaction eVect was that social class IV had the lowest survival in the first two years of follow up but the best survival in follow up years 4 and 5. There were statistically significant (p < 0.01) diVerences in survival by social class for eight of the 10 sites studied. The diVerences were not statistically significant (social class was not a significant factor in the model at the =0.1 significance level) for cancers of the pancreas and skin. The statistical significance of each factor in the model was similar for each of the three measures of survival. As expected, the level of social class variation in survival was smaller in the SRSRs than the NRSRs, although social class was still a significant factor in the model using the SRSRs for the same eight sites.
The social class diVerences in survival apparent in the survival rates (figures 1-4) can also be seen in the relative risks (RRs) of excess death resulting from a diagnosis of cancer (table 4) . Confidence intervals (CIs) are given for the RRs based on the SRSRs to give an indication of the level of uncertainty in the estimated RRs. The widths of the CIs are nearly identical for the NRSRs and the SRSRs because the width of the CI depends on the number of deaths and the estimated level of survival. The CIs for the CSRs are slightly narrower because the survival times for patients dying of causes other than the cancer in question are treated as fixed in the calculation of the CSR when they are actually random. For most sites there is a clear trend in the RRs, with social class I having the best survival and social class IV the worst. A RR of 0.7 for social class I/IV indicates that the excess risk of death because of cancer is 30% less in social class I than it is in social class IV. It can also be seen that the level of social class variation is lower among the SRSRs than the NRSRs. For example, the RR for social class I/IV (best/worst) is closer to 1.0 in the SRSR analysis than the NRSR analysis for all sites. The amount of social class variation in the CSRs is similar to that of the SRSRs.
Discussion
Although there have been some conflicting studies for individual sites, it is clear that the higher social classes have a survival advantage for many cancers. Methodological limitations have been listed as a possible factor contributing to these diVerences. 25 61-63 The two main methodological limitations are in the choice of the measure of social class and the method of estimating survival. We have used one of the strongest possible measures of social class, a four category scale based on individual occupation data.
1 Occupation provides a sound basis for assessing social status as it is relatively stable over time, yet oVers more variation than measures based on education. 55 56 64 The data maintained by the Finnish Cancer Registry are of high quality, so are ideal for examining diVerences between various measures of survival.
There are many factors that are thought to contribute to the social class diVerences in cancer patient survival. The main factors are social class diVerences in tumour biology, and delay in diagnosis, treatment, and host resistance. 29 Discussion of the mechanisms leading to social class diVerences in cancer patient survival is, however, outside the scope of this paper. Detailed coverage of this topic can be found in many other sources. 1 10 29 62 65 66 Each of the survival measures presented in this paper adjusts the observed survival rate to reflect true social class diVerences in cancer patient survival. To eVectively interpret the results, one must understand what adjustments are being made and any factors that may bias the results. The NRSRs are adjusted for the expected survival of a comparable group in the general population stratified by age, sex, and calendar period of diagnosis. Social class KEY POINTS
x The association between general mortality and social class needs to be considered when comparing cancer patient survival between social classes. x Social class specific estimates of the relative survival rates (RSRs) should be adjusted for social class diVerences in general mortality. x When death certificates are accurate, corrected (cause specific) survival rates provide similar estimates to the RSRs. x The RSRs with the social class adjustment are recommended, especially where there are doubts concerning the accuracy of death certificates.
diVerences in NRSRs could result from all types of excess mortality such as that from the cancer in question, treatment complications, or unrelated causes of death. CSRs ignore noncancer deaths even though some could be related to treatment and, as such, should be considered in the outcome. In addition, corrected rates are dependent on the accuracy of cause of death information, which may vary by social class. 51 Our results indicate that NRSRs overestimate social class diVerences in survival. Therefore, when studying cancer patient survival by social class, we recommend adjusting for social class diVerences in general mortality, producing what we have called SRSRs. In addition to the adjustments inherent in the NRSR, the SRSR is adjusted for some lifestyle factors, such as the higher mortality in the lower social classes resulting from the higher prevalence of tobacco and alcohol use. [67] [68] [69] The results obtained using CSRs were close to those obtained using SRSRs, suggesting a high level of accuracy in the coding of cause of death in Finland. Thus, CSRs can be regarded as a good measure of social class specific survival in Finland. It is diYcult, however, to generalise this conclusion. We cannot unconditionally recommend CSRs for use in all countries as they are heavily dependent on the accuracy of cause of death data, which varies between countries. If cause of death information is considered to be reliable, and it is not possible to estimate the SRSR, we would suggest using the CSR as the next best option to the SRSR.
We could possibly expect the CSR to be systematically higher than the NRSR and the SRSR for smoking related cancers (lung and bladder). This is because the expected survival estimates based on general population mortality do not adjust for the additional smoking related mortality experienced by these patients (although the SRSRs will be adjusted in part because of the higher prevalence of smoking in the lower social classes). This was not however the case; the CSRs did not diVer systematically from the NRSRs and SRSRs for cancers of the bladder or lung. We cannot oVer any explanation for this finding, other than the fact that any correction is small during the short (five year) follow up time.
However, we found that the CSRs for cancer of the kidney and non-melanotic skin cancer were systematically higher than the NRSRs and SRSRs. This situation could occur if some cancer deaths among these patients were systematically recorded as non-cancer on death certificates, thereby artificially increasing the CSR. We can see no obvious reason why this would occur for cancers of the kidney and skin but not in other sites. We would also observe systematically higher CSRs if patients presenting with cancer of the kidney or skin experienced systematically higher mortality than the general population for causes other than the cancer in question. Some risk factors for cancer of the kidney, most importantly smoking and obesity, also increase the risk of other diseases, which could account for the finding. For nonmelanotic skin cancer, an increased risk of lymphoma has been reported. 70 This is probably because ultraviolet radiation is a risk factor for both of these cancers. It is possible that this could partially explain the systematically higher corrected survival rates for patients first diagnosed with non-melanotic skin cancer. Excess mortality resulting from skin cancer is extremely low, so the additional mortality from subsequent lymphomas will, although also low, have a greater eVect on the RSRs for skin cancer patients than for other sites.
We also cannot oVer a plausible explanation as to why the CSRs for cancer of the stomach and rectum were systematically lower than the NRSR and SRSR. This situation could occur if these patients experienced systematically lower mortality than the general population for causes other than the cancer in question. It could also occur if non-cancer deaths were incorrectly classified as cancer deaths. We can see no reason why either of these two scenarios would occur for cancers of the stomach and rectum but not for other cancers.
The NRSR will also be slightly biased when estimating survival for all social classes combined, because of the dependence of incidence on social class for some cancers. 71 For example, breast cancer is more common in the upper social classes, with a standardised incidence ratio (SIR) of 1.39 for females in social class I, while stomach cancer is more common in the lower social classes (SIR=1.20 for men and 1.12 for women in social class IV). All cause death rates for the general population are therefore not strictly representative of the cancer cases for calculating expected survival, and the resulting NRSRs will be slightly biased. We found this bias to be extremely small. The differences in the estimated SRSRs and NRSRs were so small that either of these measures can be used for estimating cancer patient survival at the aggregate level (all social classes combined).
As expected, there were larger diVerences between the survival measures for social class specific rates. If a single measure is to be used for estimating social class specific survival, we recommend the SRSR, RSRs with expected survival adjusted for social class diVerences in general mortality. If this is not an available option, we recommend using the CSR (assuming cause of death information is considered to be accurate). RSRs without the social class correction overestimated social class diVerences and should be used with caution where social class specific estimates of survival are required. Observed survival rates are the measure most prone to bias and we do not recommend their use in assessing social class diVerences in survival from cancer. The statistical software package for estimating relative survival developed by Hakulinen and Abeywickrama 57 requires an input file containing annual probabilities of death (or survival) and life expectancy of the population from which the patients are drawn stratified by age, sex, and calendar year. Other software packages require similar input files in order to estimate relative survival. This information is usually tabulated for the national population but we require it individually for each social class. In this study, we have estimated social class specific annual probabilities of death directly from case specific (individual level) mortality data. If these data are not available, it is possible to estimate the social class specific annual probabilities of death by applying social class specific "standardised" mortality ratios (SMR) by sex and age to the nationwide probabilities of death.
We denote the SMR for social class r as c r = µ r µ wc (1) where µ r is the death rate in social class r and µ wc is the death rate rate for the whole country. The subscripts for age, sex, and time period are omitted from c r , µ r and µ wc . The probability of surviving a given age sex time period specific annual interval (from x to x+1 years) for a member of the general population 72 is given by p wc =e −µwc . The corresponding probability for a member of the general population in social class r is given by pr = exp [ − ∫ 
